Abstract. We present a parameter study of offset mergers between clusters of galaxies, examining the effect of a cuspy dark matter profile on luminosity and temperature evolution and turbulence.
INTRODUCTION
The intracluster gas is repeatedly stirred during a cluster's life by merger shocks [10] and galaxy wakes [20, 18] . The Reynolds number associated with these motions is typically of order 10 2 10 3 [19] . Turbulence may contribute to a number of the proposed secondary consequences of mergers, including the formation of constant-density gas cores, the destruction of cooling flows, and in situ acceleration of cosmic-ray particles.
Offset cluster mergers are a likely source of vorticity and turbulence in the intracluster medium. Such mergers are expected to result from tidal torques produced during the linear phase of structure formation [5, 11, 22] .
To distinguish the effects of offset mergers from those of the many other simultaneous influences on the ICM, it is necessary to study them in isolation. Offset mergers have been studied by only a few groups [17, 13, 16, 21] ; all have used dark matter density profiles with constant-density cores, despite the fact that simulations of hierarchical structure formation produce halos with cuspy central density profiles [9, 8, 6] . We have performed simulations of offset mergers with total density profiles given by the NFW model [9] and β-model gas profiles [1] in order to study the mechanisms by which entropy is generated and redistributed in mergers, and to study the properties of mergergenerated turbulence. Further details of this work appear in [14] .
We have assumed a Hubble constant H 0 100h km s 1 Mpc 1 with h 0 6.
SIMULATIONS
We have used COSMOS, an Eulerian shock-capturing N-body/hydrodynamics code [15] . The gas temperature and dark matter velocity dispersion profiles were set using ‡ PMR is supported by the ASCI Flash Center at the University of Chicago under DOE grant B341495. Runs were carried out at the Pittsburgh Supercomputing Center and the San Diego Supercomputer Center.
the assumption of hydrostatic equilibrium.
We considered mergers between clusters of equal mass (2 ¢10 14 M ¬ ) and mass ratio 1 : 3, holding the smaller mass constant. The temperatures of the two clusters were chosen to be typical of rich clusters at low redshift [2, 3] . The masses were then constrained using the virial mass-temperature relation [4] . Other model parameters were constrained using the X-ray luminosity-temperature relationship for nearby clusters [7] , the requirement of convective equilibrium, and the requirement that the central cooling time exceed H 1 0 . The sound crossing time for each cluster was t sc R c s 2 Gyr. For each mass ratio, we considered impact parameters between zero and five times the larger NFW scale radius. Each run was followed for 15 Gyr, more than the age of the universe for Ω 1 and h 0 6. For the hydrodynamics and gravitational potential calculations, we used a nonuniform mesh with 256 ¢128 2 zones, with a minimum zone spacing 20h 1 kpc. For the dark matter, each run also used 128 3 particles of equal mass, distributed between the merging clusters in proportion to their total dark mass.
RESULTS
The morphological changes, relative velocities, and temperature jumps we observe agree well with previous studies of collisions between clusters modeled using the King profile [17] . We observe a larger jump in X-ray luminosity ( 4 10¢) than previous studies, and we argue that this increase is most likely a lower limit due to our spatial resolution. We emphasize that luminosity and temperature jumps due to mergers may have an important bearing on constraints on Ω derived from the observation of hot clusters at high redshift. We will address this issue further in a subsequent paper [12] .
Shocks play an important dissipative role in mergers, but they are relatively weak in the highest-density regions. As a result they do not directly raise the entropy of the cluster cores. Instead, shocks create entropy in the outer parts of the clusters, and this high-entropy gas is mixed with the core gas during later stages of the merger. Mixing is initiated by ram pressure: the core gas is displaced from its potential center and becomes convectively unstable. The resulting convective plumes initiate large-scale turbulent motions with eddy sizes up to several 100 kpc. This turbulence is pumped by oscillations in the gravitational potential, which in turn are driven by the more slowly relaxing collisionless dark matter. Even after nearly a Hubble time these motions persist as subsonic turbulence in the cluster cores, providing 20 30% of the support against gravity. The dark matter oscillations are also reflected in the extremely long time following a merger required for the remnant to come to virial equilibrium. Because of the increase in core entropy, if a constant-density gas core is initially present, it is not destroyed by a merger, even if the dark matter density profile has a central cusp.
